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Single The aim of glass development for the HTM is to determine compositions and melting temperatures for processible and acceptable glasses with a high waste loading. Glass property/composition models for viscosity and liquidus €emperatwe developed in the Glass Envelope Definition (GED) study (Hrma et al. 1994) were used. The results of glass formulation and experimental testing are presented for NCAW and DST/SST (Double-Shell Tank/Single-Shell Tank) Blend waste Although the purpose of this report was to summarize the glass development study with Blend waste only, the results with NCAW were needed because glass development with Blend waste was based on the results from the gaSs development study with NCAW.
"his work was performed in support of development program (1.2.2.04.19).
OBTECTlVES
The objectives of this study are to develop the glass formulation approach for the HTM, and to determine the composition and melting temperature of a glass with 50 wt% NCAW for the first HTM runs and the maximum waste loading in glasses with DST/SST Blend waste for the future HTM runs.
GLLASS FORMUL ATION APPROACH
An important property required for glass processiblility in a continuous melter is melt crystallinity. Additionally, the durability of the HLW glass determines whether it is acceptable for disposal. Because Hanford high-level wastes are mainly composed of refractory oxides, such as ZQ, &03, and FqO3, their waste loading is limited by crystallinity before tRe durability limit is reached (Fini and Hrma 1994). HLW glasses, especially those with high waste loading and high melting temperature have reduced ,alkali and boron oxides content, which also improves durability. For this reason, the formulation of HLW glasses for the HIM focuses on the melt crystallinity.
Models are available for various glass properties, such as viscosity, durability, liquidus temperature, and electrical conductivity (Hrma et al. 1994 ). The models have been developed within the composition range defined by single-and multicomponent constraints, shown in Table 1 , and thus, an extrapolation to compositions beyond these constraints may generate uncertain predictions. Typically, the compositions of high-temperature glasses fall outside of at least one of these constraints. In addition, models for viscosity and electrical conductivity are validated only within temperatures between 950 and 1250°C because these models were developed for the 1150°C melter, while the intended operating temperature of the HTM is generally higher than 125OOC. Because of complexities involved in the crystallization of glasses (Hrma et ai. 1994, Kim and Hrma 1994) , Iiquidus temperature models are even further limited in terms of glass composition and temperature ranges.
Glass liquidus temperature constraint for Hanford melters has traditionally been TL c TM -100°C,' where TL is the liquidus temperature and TM is the melter processing temperature (melting temperature). The predicted TM was defined as the temperature at which the predicted viscosity is 4 Paas (except for glasses in the preliminary tests). An effort was made to achieve the highest waste loading 
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applicability, the models were only used as initial predictive tools, especially those for liquidus temperature, and it was necessary to test the glasses by measuring their properties in the laboratory. Table 2 shows the simulated composition of NCAW and Blend waste used in this study, NCAW has been well characterized and extensively used in past melter rum. The Blend waste composition represents the estimated average composition of all the Manford double-shell tank (DST) and single-shell tank (SST) wastes.* The composition is expressed in weight percents of nine major oxide components and "Others," the "Others" component being comprised of the remaining waste components.
For each glass, the nine major components were batched as oxides or carbonates, while "Others" were batched together in constant proportions. Each glass was melted at the temperature for a predicted viscosity of 4 Pans (except for glasses in the preliminary tests) for 1.5 h in a platinum crucible, under a lid, using an electrically heated resistance furnace. For better homogeneity, the glass was crushed and remelted for 1.5 h under the same conditions. The glass for the crystallinity test was poured into a 2 x 2 x 7 cm bar, air quenched, and annealed for 2 h, followed by furnace cooling. The remaining glass was poured onto a steel plate and air quenched. This glass was used for viscosity measurement.
Crystallinity was evaluated in as-melted samples and 24-h heat treated samples at TM and TM -100°C. Cubical spicimens were cut from the glass bar and placed in a Pt-foil box in a preheated furnace for the heat treatment. Thin sections, prepared from the glass samples and mounted in polymer resin, were examined using an optical microscope with both reflected and transmitted light to determine the type of crystalline phases present. The volume fraction of crystals were estimated by an Crystallinity (~01%) in spinel -5 spinel -3 spinel -3.6 as melted glass ZrO2 -0.4
, temperatures corresponding to a predicted viscosity of 4'Pas, their crystallinity would be slightly higher than the values shown in Table 3 .
Liquidus temperature models were used to evaluate the effect of additions of the alkali oxides Na20 and Liz0 and B203 on the crystallinity, and to further improve glass composition. Figure 1 shows plots of predicted TL [(a) spinel and @) Zrcontaining phases (ZrSiO4,ZrO2, and Na-Zr silicate)] versus TM (for predicted Viscosity of 4 Pa-s) when the additions of B203, Na20, and Li20 were varied. The calculated data points correspond to 2 wt% steps from 0 up to 14 wt% (right to left) of each oxide in the additive qix.
Because the composition and melting temperature of the glasses shown in Figure  I are outside of the model validity range, uncertain predictions, espeaally for the TL. are expected. This can be illustrated by a relatively high concentration of spinel found in glass N503 melted at 1400°C: the predicted TL of spinel in this glass was 1050°C (Figure 1) . Therefore, the information regarding the "relative" effect of each component on the liquidus temperature was used to aid glass formulation. Figure 1 shows that the TL decreases as melting temperature decreases with the addition of these components except for the effect of B203 on the TL of Zrcontaining phases. Addition of Na20 was most effective for spinel and Liz0 for Zr-containing phases, while B203 was least effective for both crystalline forms. This resdt suggests that the crystallinity observed in glasses N502 and N503 may decrease if Na2O or Liz0 is used instead of %03.
Based on the information from preliminary tests and model predictions on the "relative" component effect, four glasses with Na20 and Liz0 addition were formdated and tested. Table 4 summarizes the results.
In the as-melted samples, the glasses with alkali addition (Table 4 ) exhibited lower crystallinity than the'two glasses with 8 2 0 3 addition (Table 3) . Table 4 shows that the ability for predicting viscosity was resonably good considering that the glass composition and temperature were outside the model validity range.
CrystaIIinity was lower in as-melted glasses with TM = 135OOC (N508 and N509) as compared to those with TM = 1400°C (N506 and N507). This indicates that the 1350°C glasses with a higher alkali content dissolve the spinel crystals formed during the initial melting faster than the 14OOOC glasses. As shown in Table 4 , the crystals almost completely disappeared after 24-h heat treatment at TM. The crystallinity after 24 h at TM -100°C was 4.1 in glasses with NazO (N506 and N508) and a little higher in glasses with Li20 (N507 and N509), the laker possibly having a slightly higher liquidus temperature. The glass N508, therefore, was selected for the first SSHTM (Small-Scale High-Temperature Melter) test and subjected to further testing (Smith et al. 1994). Because the measured viscosity of glass B621 was 7 Pass at the melting temperature 1350°C, the amount of crystals at TM -100°C for TM at measured viscosity of 4 Paos will be lower. This suggests that a waste loading B621 than 62 wt% might be possible assuming a requirement of 4.1 vol% spinel at TM -100°C.
If the HTM can process glasses with up to 1 vol% spinel crystallization at TM -100°C, the maximum waste loading may increase to between 67 and 71 wt%: glass B671 (67 wt% waste loading) had 0.8 vel% spinel at TM -100°C. However, it is possible that the processing rate of glasses may become unacceptably slow at a high waste loading of 67 to 71 wt%. The possibility of slow melting rate may be indicated by the 0.8 vol% spinel in an as-melted sample, which dissolve after 24-h heat treatment at TM. -Predicted viscosity was 4 Pas at melting temperature for all glasses. ***Spinel crystals unless otherwise specified. hConsited of 0.05 % large spinel (10-40 pm) and 0.45% very small spinel (e 1~) .
In other glasses, the spinel crystals were between 1 and 10 p.
The estimated composition of Blend waste has been updated since this work was initiated. The new Blend waste composition' is slightly different from the one 
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Glass formulations for HIM from two Hanford waste types were formulated using property /composition models, and tested experimentally. Different approaches were used for different waste types: for NCAW, the glass development effort was focused on finding the optimum additive at a target waste loading of 50 wt%, and for Blend wastep the additive was fixed as .Si02 only, and the waste loadling was varied from 57 to 71 wt%, to find the maximum waste loading. An NCAW glass acceptable for repository and processable in the flTM was developed by adding the Si02 and NazO, and is being planned to be used in the first melter run (SSHTM-I). 
